Introduction {#sec1}
============

Carotid endarterectomy (CEA) is current and effective treatment applied in the treatment of symptomatic and asymptomatic carotid artery stenosis in the current era. Carotid artery restenosis developing after carotid endarterectomy is an important health issue \[[@cit0001]\]. Several studies have demonstrated the carotid artery restenosis rate in the range of 6--36% \[[@cit0002]--[@cit0006]\]. The main reason for restenosis to have such a wide range is that the carotid endarterectomy techniques applied in the studies, techniques for arteriotomy closure and clinical characteristics of patients differ widely. Methods such as primary closure of arteriotomy, closure with a venous patch, closure with a Dacron patch, closure with a PTFE patch, eversion endarterectomy and standard endarterectomy are commonly used surgical techniques \[[@cit0007]\]. Studies comparing all these surgical techniques in terms of restenosis development after the operation and involving large series of patients are available in the literature. In addition to the evidence related to reduction in restenosis development with patches in many randomized trials, there are also studies showing that the same results were obtained with primary closure.

The clinical features of the patients are as important as the surgical technique performed in the development of restenosis after carotid endarterectomy \[[@cit0002]\]. While there are studies indicating that hyperlipidemia, diabetes and female gender affect the development of restenosis after CEA, there are also studies suggesting the opposite \[[@cit0003], [@cit0004]\].

In this study, we aimed to compare diabetic and nondiabetic patients in terms of early carotid artery restenosis development after standard CEA and primary closure and to examine whether this surgical procedure and diabetes mellitus cause an additional increase in risk for the development of early carotid artery restenosis.

Material and methods {#sec2}
====================

In this study, the hospital records of the patients who underwent a standard CEA operation in our department and in whom the arteriotomy was primarily closed between January 2006 and January 2012 were examined, retrospectively. A total of 50 patients including randomly selected 25 nondiabetic and 25 diabetic patients who came to the follow-up visits regularly at 1, 6, 12 and 24 months were included in the study. The diabetic patients were insulin-dependent and/or using an oral antidiabetic. Patients in whom conventional CEA was performed but the arteriotomy was closed with a patch, those in whom other techniques such as eversion CEA was performed, those operated on due to restenosis and those who underwent carotid endarterectomy concurrent with coronary artery bypass operation were excluded from the study.

The investigations of control carotid Doppler ultrasonography (USG) and/or carotid computed tomography (CT) angiography performed during the postoperative 1, 6, 12 and 24 months follow-up visits of the patients were examined and the data were recorded. The additional clinical features of the patients which may affect the development of carotid artery restenosis such as age, gender, smoking, hypertension, hyperlipidemia and preoperative carotid artery stenosis degree in percentage were recorded. In the preoperative period, 100 mg acetylsalicylic acid (ASA) and 20 mg atorvastatin were initiated. Low molecular weight heparin at the anticoagulant dose (0.1 mg/kg) was added to the treatment of the patients in the postoperative period for 48 h. At discharge, clopidogrel 75 mg along with ASA was added to the treatment of the patients and dual antiaggregant therapy was continued for 1 year. Afterwards, ASA therapy was continued lifelong. Detection of 70% or more carotid artery stenosis in any of the control carotid Doppler USG and/or carotid CT angiography performed during any of the follow-up visits at 1, 6, 12 and 24 months was considered as carotid artery restenosis.

Surgical procedure {#sec2.1}
------------------

The operations were performed with infiltration anesthesia with a 50% mixture of prilocaine hydrochloride and bupivacaine hydrochloride local injection. If the patient complained of pain or discomfort, repeated doses were injected. A standard incision parallel to the sternocleidomastoid muscle was performed and the common carotid artery (CCA), internal carotid artery (ICA), and external carotid artery (ECA) were prepared and dissected. After systemic 5000 IU of heparin injection, the arteries were clamped. The consciousness and the neurologic status of the patient were evaluated with his or her response to verbal stimuli and ability to move the contralateral side hand and foot for at least 3 min prior to the arteriotomy. In case of neurologic disturbance, endarterectomy was performed with insertion of a shunt. The carotid endarterectomy and primary repair was performed in the usual fashion.

Statistical analysis {#sec2.2}
--------------------

Statistical analysis was performed using the Statistical Package for Social Sciences 15.0 program (SPSS for Windows, SPSS Inc, Chicago, IL). The variables were expressed as mean ± standard deviation. Nonparametric methods were used in the statistical analysis of the data. The variables obtained at different times were compared using the Mann-Whitney *U* test. Repeated values were analyzed by ANOVA test. The differences between two groups were assessed by Kruskal-Wallis analysis of variance and Student's *t* test. The correlation analysis of the data was performed with Spearman rank correlation analysis. Categorical variables were compared using the χ^2^ test. The results were evaluated at the confidence interval of 95% and significance level of *p* \< 0.05.

Results {#sec3}
=======

The patients included in the study were named as the diabetic group and nondiabetic group. Of the patients in the diabetic group, 6 were female and 19 were male and their mean age was 62.2 ±7 years. Of the patients in the nondiabetic group, 8 were female and 17 were male and their mean age was 65 ±12.7 years. In the diabetic group, 15 patients had hypertension and 8 patients had hyperlipidemia, while in the nondiabetic group, 12 patients had hypertension and 3 patients had hyperlipidemia. Active smoking history was present in 3 patients of the diabetic group and in 5 patients of the nondiabetic group. The mean preoperative carotid artery stenosis rate was calculated to be 80.2 ±9.5% for the patients in the diabetic group and as 82 ±10.3% for the patients in the nondiabetic group. No statistically significant difference was detected in terms of clinical characteristics such as gender, age, hypertension, hyperlipidemia and preoperative carotid artery stenosis rate which could affect carotid artery restenosis in both groups of patients. The demographic data of the patients are shown in [Table I](#t0001){ref-type="table"}.

###### 

Comparison of clinical features of nondiabetic and diabetic groups

  Parameter                                  Diabetic group (*n* = 25)   Nondiabetic group (*n* = 25)   *P*-value
  ------------------------------------------ --------------------------- ------------------------------ -----------
  Age \[years\]                              62.24 ±7                    65 ±12.7                       0.442
  Women                                      6 (24%)                     8 (32%)                        0.529
  Men                                        19 (76%)                    17 (68%)                       0.529
  Hypertension (+)                           15 (60%)                    12 (48%)                       0.395
  Hyperlipidemia (+)                         8 (32%)                     3 (12%)                        0.088
  Preoperative carotid artery stenosis (%)   80.2 ±9.5                   82 ±10.3                       0.297

No mortality was observed in the patients. No cerebral neurological event occurred in any patient in the peroperative and postoperative periods. Partial asymmetry of the face due to platismal nerve injury was accepted as a local neurological event and it was observed in 5 patients in both groups. Mean operation duration was 55 min. All patients were transfered to the ward after being monitored for 24 h in the intensive care unit and they were discharged from the hospital after an average of 72 h. The total follow-up period was 36 months.

Comparing the patients with and without diabetes in terms of restenosis, it was observed in 3 (12%) patients of the diabetic group and in 4 (16%) patients of the nondiabetic group. No neurological event associated with restenosis occurred in any patient. There was no statistically significant difference between the two groups in terms of nerurological events. The patients with restenosis were treated with stent implantation. The postoperative data of the patients are shown in [Table II](#t0002){ref-type="table"}.

###### 

Comparison of nondiabetic and diabetic groups in terms of restonosis

  Parameter                      Restenosis (+)   Restenosis (--)
  ------------------------------ ---------------- -----------------
  Nondiabetic group (*n* = 25)   4 (16%)          21 (84%)
  Diabetic group (*n* = 25)      3 (12%)          22 (88%)
  Total (*n* = 50)               7 (14%)          43 (86%)

When the patients with restenosis were grouped as diabetic and nondiabetic, the mean age of the nondiabetic patient group was 65 ±2 years and the mean age of the diabetic group was 64 ±1 years. Of the diabetic patients in whom restenosis developed 1 was female, and in the nondiabetic group 2 were female. There was no statistically significant difference between the two groups in terms of hypertension, hyperlipidemia or smoking history. The mean preoperative carotid artery stenosis value of the diabetic group patients was 76.6 ±5% while it was 81.25 ±7% for the nondiabetic group. The data are presented in [Table III](#t0003){ref-type="table"}.

###### 

Comparison of demographic data of nondiabetic restenosis (+) and diabetic restenosis (+) groups

  Parameter                                  Diabetic restenosis (+), (*n* = 3)   Nondiabetic restenosis (+), (*n* = 4)
  ------------------------------------------ ------------------------------------ ---------------------------------------
  Age \[years\]                              64 ±1                                65 ±2
  Women                                      1 (33%)                              2 (50%)
  Men                                        2 (67%)                              2 (50%)
  Hypertension (+)                           1 (33%)                              1 (25%)
  Smoking history                            1 (33%)                              1 (25%)
  Hyperlipidemia (+)                         0                                    0
  Preoperative carotid artery stenosis (%)   76.60 ±5                             81.25 ±7

Discussion {#sec4}
==========

One of the major problems after carotid endarterectomy is early or late restenosis development \[[@cit0001]\]. Although most of the patients in whom restenosis develops remain asymptomatic, they are more likely to have cerebrovascular events than those in whom restenosis does not develop \[[@cit0001]\]. The main goal of the treatment in patients with carotid artery stenosis is to prevent current or future cerebrovascular diseases. Thus prevention of restenosis after CEA is an important part of the treatment in patients with carotid artery stenosis \[[@cit0001]\].

The development of restenosis after carotid endarterectomy is considered in two periods \[[@cit0002]\]. The first period is the early carotid artery restenosis which develops within the first 2 years after the operation and which is suggested to be due to intimal hyperplasia. The second period is the late carotid artery restenosis which develops after the second year and the etiology of which is suggested to be atherosclerosis \[[@cit0002]\].

One of the most important questions for the patients in whom carotid artery surgery planned due to carotid artery stenosis is 'Which surgical technique should be used?' Standard CEA and primary closure is a well established technique among the other surgical techniques. The shorter cross-clamp time of this technique compared to other techniques is an advantage accepted by many authors \[[@cit0008]\].

One of the questions arising when evaluating carotid artery restenosis is which stenosis rate will be considered as significant carotid artery restenosis. There are many studies accepting different restenosis rates, such as 50%, 60%, or 70%, as significant. In our study, we accepted the stenosis rate between the range of 70% and 99% to which carotid artery restenosis is recommended whether it is symptomatic or not as significant carotid artery restenosis.

Carotid artery restenosis has been the subject of many studies in the past. As there are studies conducted only on surgical techniques (standard CEA, eversion endarterectomy, closure with venous, Dacron, or PTFE patch, etc.) without taking the clinical characteristics of the patients into account, there are also studies considering only the clinical characteristics (age, gender, hypertension, diabetes mellitus, hyperlipidemia, etc.) and neglecting surgical techniques. In this study, we applied a certain surgical technique in two groups with similar characteristics except diabetes and thereby we tried to minimize the effects of other clinical characteristics suggested to affect restenosis rates.

In the study by Rerkasem and Rothwell on 1967 patients, they obtained limited evidence that closure with the patch angioplasty technique reduced the risk of restenosis compared to primary closure \[[@cit0009]\]. Reinert and Mono suggested that the rate of restenosis was very low after a standard carotid artery endarterectomy operation performed under a microscope without using patches in their study including 586 patients \[[@cit0008]\]. In the study by Beşirli *et al.* evaluating 20 patients who underwent CEA, they recommended the addition of patch angioplasty to endarterectomy in order to reduce the risk of premature thrombosis and late restenosis \[[@cit0010]\]. In our study, the primary closure technique was applied to all patients. Considering all patients, the rate of restenosis was found to be 14% (50 patients, 7 restenosis). This rate is in parallel with previous studies on this subject.

The gender and clinical characteristics of the patients such as diabetes, hyperlipidemia and hypertension have also been the subjects of many studies. Cossman *et al.* observed an early restenosis rate of 3.6% in their study including 361 patients. They determined that hypertension and hyperlipidemia were more frequent in the patients with restenosis \[[@cit0005]\]. In the study by Brau *et al.* in which 43 patients underwent CEA and were followed up for 3 years, the rate of restenosis between 70 and 99% was found to be 4.3%. They determined the major risk factors for restenosis as hypertension, hyperlipidemia, alcohol and smoking \[[@cit0011]\]. Reina-Gutiérrez *et al.* identified the risk factors for restenosis as female gender and diabetes in their retrospective study including 243 CEA operations performed on 224 patients \[[@cit0012]\]. In the study by Kogure *et al.* including 135 CEA operations performed on 126 patients, they did not detect any statistically significant factor for carotid artery restenosis except female gender \[[@cit0013]\]. Cuming *et al.* followed up a total of 107 patients including 71 males and 36 females for 1 year. The number of patients who developed more than 50% restenosis was found to be 18 (17%). They found that restenosis was not associated with age, hypertension, diabetes or gender \[[@cit0014]\]. In the study by Liu *et al.* including 572 patients, they compared 184 diabetic patients with nondiabetic patients and did not detect a statistically significant difference between the two groups in terms of carotid artery restenosis (diabetic 2.9% and nondiabetic 3.4%) compared to nondiabetic patients \[[@cit0015]\]. In the study Mizuhashi *et al.* including 281 patients, they compared 136 diabetic patients with the remaining nondiabetic patients and found no significant difference between the two groups in terms of carotid artery restenosis \[[@cit0016]\]. As can be understood from these examples, there are conflicting results from the previous studies on carotid artery restenosis.

A major limitation of the study is the small size of the cohort, which included 50 patients divided into two groups as the diabetic and nondiabetic patients. However, the current study presents the preliminary results of our research. The cohort is expanding with patients admitted to our clinic as well as the data from other cardiovascular surgery centers, and the results will be submitted as a supplement to the same journal if something crucial is found. Another limitation is the retrospective nature of the research.

In conclusion, the results of our study indicate that early restenosis rates after carotid endarterectomy in diabetic and nondiabetic patients were similar when taking into account identical groups with similar cardiovascular risk factors, which is consistent with previous studies in the literature suggesting that diabetes is not a risk factor for early restenosis. However, with only 50 patients, the study is vastly under-powered to address the research question at hand. Multicenter, high patient volume studies are warranted in order to reach a definite conclusion on the issue.
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